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This paper presents the results of microtremor measurements and evaluation of structural performance of Engaku-ji 
Syariden. Engaku-ji Syariden is a simple structure that consists of column-beam joints and column-batten(Nuki) joints 
with timber sidewalls. The stiffness calculated from the natural frequency and the building weight corresponds 
approximately to the theoretical stiffness (the timber perpendicular to the grain and the overturning resitance of 
columns). The natural frequency of the first mode is 2.52 Hz, the second mode is 2.61Hz and the tortional mode is 
3.01Hz. We find that the maximum strength of the Engaku-ji Syariden is about 35.6 kN (CB = 0.16). 
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 ㇱ᧚ኸᴺ⺞ᩏߣୃℂႎ๔ᦠࠍరߦ⥢೑Ლߩ᧚Ⓧࠍ▚ቯߒޔㇱ᧚㊀㊂ࠍ᳞߼ߚޕߎߩߣ߈ฦㇱ᧚ߩ૶↪᮸⒳
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㧔0.69t/m3㧕ޔบベ࡮⽾࡮Ⰲ᪞࡮ုᧁߪ᧖᧚㧔0.38t/m3㧕ޔᏎ᢯࡮⢀ᧁߪᯫ᧚㧔0.44t/m3㧕ޔ᪃ᧁ࡮᫟ᧁߪ᧻
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ߩන૏㕙Ⓧᒰࠅደᩮ㊀㊂ 6),7)18.6kg/m2ࠍਸ਼ߓߡደᩮ㊀㊂ࠍ▚ቯߒߚޕ 
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 ᓸዊᝄേ⸘᷹ߦߪ14บߩㅦᐲ⸘㧔᧲੩᷹ᝄ⵾VSE-15D㧕ࠍ૶↪ߒߚޕ࿑3ߦ᷹ቯ⸘↹ߩ᭎ⷐࠍ␜ߒߚޕ⵷
⣶ᩇบベ਄ߦ4บޔ஥ᩇบベ਄ߦ7บߩᓸേ⸘ࠍ⸳⟎ߒޔᱷࠅ3บߪၮს਄ߦ⸳⟎ߒޔ࿾⋚ᝄേ⸘᷹ࠍⴕߞߚޕ
Ᏹᤨᓸേ᷹ቯߪ300⑽㑆ޔੱജടᝄ⹜㛎ߪടᝄ㐿ᆎ߆ࠄ౒ᝄᓟޔ⥄↱ᝄേㇱಽࠍ฽߻60⑽㑆⸘᷹ࠍⴕߞߚޕ
ࠨࡦࡊ࡝ࡦࠣ๟ᵄᢙߪ200Hzߣߒߚޕ㧔̪ੱജടᝄ⹜㛎ߪޔ࿑3ߦ␜ߔടᝄ૏⟎ߩᩇࠍੱജߦࠃߞߡᒝ೙ടᝄߔࠆ⹜㛎ߢ޽ࠆޕ
Ᏹᤨᓸേ᷹ቯ߆ࠄᓧࠄࠇߚ1ᰴ࿕᦭ᝄേᢙߦࠃߞߡ౒ᝄߐߖޔቯᏱᝄേ߆ࠄߩᷫ⴮ᝄേᵄᒻࠍ⸘᷹ߔࠆޕ㧕 
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 ࿾⋚ᝄേࠍ౉ജޔᑪ‛ᝄേᔕ╵ࠍ಴ജߣߒߡࡄࡢ࡯ࠬࡍࠢ࠻࡞ߣࠢࡠࠬࠬࡍࠢ࠻࡞ࠍ▚಴ߒޔࠬࡍࠢ࠻࡞
Ყ߆ࠄવ㆐㑐ᢙࠍ᳞߼ߚ 8)ޕߥ߅⸃ᨆߦߪో⸘᷹ᵄᒻ㧔300 ⑽㧕ߦኻߒߡޔ40.96 ⑽㑆㓒ߢ 40.96/2 ⑽ߕߟ⸃
ᨆ▸࿐ࠍߕࠄߒߡᐔဋൻࠍⴕ߁ࠕࡦࠨࡦࡉ࡞ᐔဋࠍⴕߞߡ޿ࠆޕ࿑ 4ޔ࿑ 5 ߦ᳞߼ߚવ㆐㑐ᢙࠍ␜ߒߚޕવ
㆐㑐ᢙߪޔ࿑ 3ਛ Xa㨪XcޔYa㨪Ycߦ߅ߌࠆ⸃ᨆ⚿ᨐࠍઍ⴫଀ߣߒߡ␜ߒߚޕ߹ߚ․ቯߒߚථ⿧ᝄേᢙߦኻ
ᔕߔࠆᝄേࡕ࡯࠼࿑ࠍ࿑ 6ߦ␜ߒߚޕ 
 વ㆐㑐ᢙ߆ࠄ 2.52Hzޔ2.62Hzߦ 1ᰴޔ2ᰴߩථ⿧߇⷗ࠄࠇࠆޕᝄേࡕ࡯࠼࿑߆ࠄޔ2.52Hzߪ Xᣇะਗㅴޔ
2.62Hz ߪ Y ᣇะਗㅴߩᝄേࡕ࡯࠼ߢ޽ࠆߎߣ߇⺒ߺขࠇࠆ߇ޔ⚐☴ߥਗㅴߢߪߥߊ⧯ᐓᢳ߼ߦᝄേߔࠆᕈ
⁁߇⹺߼ࠄࠇࠆޕߎߩߎߣߪޔ1 ᰴߣ 2 ᰴߢ࿕᦭ᝄേᢙ߇ㄭ޿ߎߣߦࠃࠆㅪᚑᝄേ߇␜ໂߐࠇࠆޕ3 ᰴߩ
3.10Hz ߢߪ᣿⍎ߥᝦࠇᝄേࡕ࡯࠼߇ബ⿠ߐࠇߡ޿ࠆޕ4 ᰴߩ 6.79Hz ߢߪ Y ᣇะਗㅴ߇ബ⿠ߐࠇߡ޿ࠆ߇ޔ
ߎߩᝄേࡕ࡯࠼߇ബ⿠ߐࠇࠆℂ↱ߦߟ޿ߡߪ੹ᓟ⹦⚦ߥಽᨆ߇ᔅⷐߢ޽ࠆޕ߹ߚޔᷫ⴮ቯᢙߪવ㆐㑐ᢙߩ 1
ᰴޔ2 ᰴථ⿧ㇱಽߦ߅ߌࠆ Curve Fitting ߦࠃࠅ▚ቯߒߚޕᏱᤨᓸേᤨߩᷫ⴮ቯᢙߪ 1 ᰴߢ 1.86%ޔ2 ᰴߢ
1.17%ߢ޽ߞߚޕ⴫ 2ߦ▚಴ߒߚ࿕᦭ᝄേᢙߣᷫ⴮ቯᢙࠍ߹ߣ߼ߚޕ 
 

ੱജടᝄ⹜㛎⚿ᨐ 
 ⥄↱ᝄേᵄᒻ߆ࠄ1ᵄ޽ߚࠅᝄേ๟ᦼᐔဋ୯ࠍ᳞߼ޔ࿕᦭ᝄേᢙࠍ▚಴ߒߚޕ߹ߚኻᢙᷫ⴮₸ߦࠃࠅᷫ⴮
ቯᢙࠍ᳞߼ߚޕ⴫3ߦੱജടᝄ⹜㛎⚿ᨐࠍ߹ߣ߼ࠆޕ⥄↱ᝄേᤨߩ࿕᦭ᝄേᢙߪޔᏱᤨᓸേᤨߦᲧߴૐਅߒޔ
ᷫ⴮ቯᢙߪ਄᣹ߒߡ޿ࠆޕᏱᤨᓸേᤨߩᔕ╵ᄌ૏ߪᦨᄢߢ߽0.01mm⒟ᐲߢ޽ࠆߩߦኻߒߡޔੱജടᝄᤨߪ
0.36mm⒟ᐲߩᔕ╵ࠍ⸘᷹ߒߡ޿ࠆߎߣ߆ࠄޔ࿕᦭ᝄേᢙߣᷫ⴮ቯᢙߩᝄ᏷ଐሽᕈߩᓇ㗀߇␜ໂߐࠇࠆޕ 
 
 
࿑ 4 વ㆐㑐ᢙ㧔Xᣇะ㧕 ࿑ 5 વ㆐㑐ᢙ㧔Yᣇะ㧕 
࿑ 6 ᝄേࡕ࡯࠼࿑
0
10
20
30
40
50
0 1 2 3 4 5 6 7 8 9 10
Frequency (Hz)
A
m
p.
Xa
Xb
Xc
2.52Hz
3.10Hz
0
10
20
30
40
50
0 1 2 3 4 5 6 7 8 9 10
Frequency (Hz)
A
m
p.
Ya
Yb
Yc
2.61Hz
6.79Hz
㧔2.52Hz㧕 㧔2.61Hz㧕 㧔3.10Hz㧕 㧔6.79Hz㧕
⴫ 2 Ᏹᤨᓸേ᷹ቯ⚿ᨐ߹ߣ߼ ⴫ 3 ੱജടᝄ⹜㛎⚿ᨐ߹ߣ߼ 
X
Y
࿕᦭ᝄേᢙ
㧔Hz㧕 ᝄേࡕ࡯࠼
ᷫ⴮ቯᢙ
Curve Fitt
(%)
ᷫ⴮ቯᢙ
ኻᢙᷫ⴮₸
(%)
1ᰴ 2.52 Xᣇะਗㅴ
㧔⋥੤ᚑಽߣㅪᚑ㧕
1.86 3.2䌾3.7
2ᰴ 2.61 Yᣇะਗㅴ
㧔⋥੤ᚑಽߣㅪᚑ㧕
1.17 2.8䌾3.9
3ᰴ 3.10 ᐔ㕙ᝦࠇ - -
4ᰴ 6.79 - -
ടᝄ
ᣇะ
ᦨᄢᔕ╵
㧔mm㧕
࿕᦭ᝄേᢙ
㧔Hz㧕
ᷫ⴮ቯᢙ
ኻᢙᷫ⴮
㧔%㧕
ᐔဋ
࿕᦭ᝄേᢙ
(Hz)
ᐔဋ
ᷫ⴮ቯᢙ
(%)
0.355 2.31 3.71
0.329 2.32 3.34
0.320 2.32 3.15
0.218 2.20 3.52
0.268 2.44 3.78
0.244 2.46 2.81
Y 2.37 3.37
X 2.32 3.40
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5 
㧠㧚᭴ㅧ⸃ᨆ


઒ቯ᧦ઙ
 ㇱ᧚ኸᴺ⺞ᩏߣୃℂႎ๔ᦠߦ⸥タߐࠇࠆᖱႎࠍరߦޔ⥢೑Ლߩ᭴ㅧ⸃ᨆࠍฦ᭴㕙ߦಽߌߚ◲⇛⸘▚ߦࠃߞ
ߡⴕ޿⥢೑Ლߩ᳓ᐔ⠴ജࠍ᳞߼ߚޕߎߩߣ߈ޔฦ▚ቯ㗄⋡ߦኻߒߡએਅߩࠃ߁ߥ઒ቯ᧦ઙࠍ⸳ߌߚޕ
㧔⩄㊀⸘▚㧕
 Ԙ㧞㧚
㗄ߢ᳞߼ߚᑪ‛㊀㊂▚ቯ⚿ᨐߦၮߠ߈ฦᩇߦ⽶ᜂߐࠇࠆゲᣇะജࠍ▚ቯߔࠆޕ
 ԙደᩮ⩄㊀㧔ደᩮ⫘᧚߅ࠃ߮ዊደ⚵ߩ㊀㊂㧕ߪイ㕙ߦဋ৻ߦ૞↪ߔࠆ߽ߩߣߔࠆޕ
 Ԛイ㕙ߦ߆߆ࠆ⩄㊀ߪޔ㓞ធᩇߣߩਛὐߢ඙ಾࠄࠇࠆ⽶ᜂ㕙ⓍᲧߦࠃࠅᩇ㗡ߦ⽶ᜂߔࠆޕ
 ԛ⵷㓏ߩደᩮ⩄㊀߽ห᭽ߦߒߡ⵷㓏ᩇߣਥደ஥ᩇߩᩇ㗡ߦ⽶ᜂߔࠆޕ
 Ԝᩇߩ⥄㊀ߪߘߩඨಽ߇ᩇ㗡ߦ㋦⋥⩄㊀ߣߒߡ߆߆ࠆ߽ߩߣߔࠆޕ
 ԝᩇඨಽࠃࠅਅߦ૏⟎ߔࠆㇱ᧚ޔᑪౕޔ⵷㓏๟ࠅ᧼ოߩ㊀㊂ߪήⷞߔࠆޕ
㧔᳓ᐔ⠴ജⷐ⚛㧕
 Ԙ⥢೑Ლߩ᳓ᐔ⠴ജⷐ⚛ߪᩇ⽾ធวㇱߩ࿁ォ೰ᕈߣᩇߩォୟᓳరജߩߺߢ᭴ᚑߐࠇࠆ߽ߩߣߔࠆޕ
 ԙ᢯ᩩ෸߮ዊደ⚵ㇱಽߩ᳓ᐔ᭴㕙೰ᕈߪචಽߦ޽ࠆߣ઒ቯߒޔ㗡⽾ࠃࠅ਄ࠍ೰૕ߣߔࠆޕ 
 Ԛ᧼ო߿ዊო߹ߚᑪౕߥߤߩ૛ജߪήⷞߔࠆޕ 
 ԛጀ㜞ߐߪਥደ஥ᩇ㜞ߐ㧔3699mm㧕ߣߔࠆޕ
 Ԝጀᄌ૏ߦኻߒߡਥደᩇߣ⵷㓏ᩇ߽ߔߴߡหߓ࿁ォⷺࠍ᦭ߔࠆ߽ߩߣߔࠆޕ
 ԝ᳓ᐔ⠴ജߪฦ᭴㕙ߏߣߦ▚ቯߒޔߘߩ✚๺ࠍᑪ‛ో૕ߩ᳓ᐔ⠴ജߣߔࠆޕ


⸘▚ᣇᴺ
Cធวㇱ࿁ォ೰ᕈ
 ᩇ⽾ធวㇱߩ࿁ォ೰ᕈߪޔᑼ(1)ޔ࿑7ߩⒷጊߩᧁ᧚߼ࠅㄟߺ⸘▚9)ߦࠃߞߡ▚ቯߒߚޕᑼ(1)ߪ߼ࠅㄟߺᛶ
᛫ߦࠃࠆࡕ࡯ࡔࡦ࠻ߣ߼ࠅㄟߺ㕙៺ᡂߦࠃࠆࡕ࡯ࡔࡦ࠻ߩ๺ࠍ␜ߔޕᧁ᧚ߩၮḰᒢᕈଥᢙE࡮߼ࠅㄟߺߩၮ
Ḱ᧚ᢱᒝᐲFcvߦߪޔᰤ᧚8.0(kN/mm2)࡮10.8(N/mm2)ޔ᧖᧚7.0(kN/mm2)࡮6.0(N/mm2)ࠍណ↪ߒߚ10)ޕធวㇱ࿁
ォ೰ᕈߩᓳరജ․ᕈߪޔᒢᕈ㒢⇇ᄌᒻⷺࠍ㒠ફὐߦߒߚቢోᒢ႟ᕈࡕ࠺࡞ߣߒߡ⸘▚ࠍⴕߞߚޕ 
 0
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3
2
1
3
1 ZCxd
Z
CyEyx
Cxd
Z
CyEyx
K ppppR ¿¾
½®¯­ ¿¾
½®¯­  AA P  (1) 
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·
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§
¿¾
½®¯­ ¸¸¹
·
¨¨©
§) 
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1 8.05.02
Z
x
Z
xCxd p  
¸¸¹
·
¨¨©
§
¿¾
½®¯­ ¸¸¹
·
¨¨©
§)¸¸¹
·
¨¨©
§) 
00
2
0
1 8.01
22
1
Z
x
Z
x
Z
xCx p  
¸¸¹
·
¨¨©
§
¿¾
½®¯­ ¸¸¹
·
¨¨©
§)¸¸¹
·
¨¨©
§) 
00
2
0
1 8.01221
Z
nx
Z
ny
Z
nyCy p
px
ZCxm
8.0
1 0   
pny
ZCym
8.0
1 0   
ࡕ࡯ࡔࡦ࠻㧦 T¿¾
½®¯­  A 3
1
0
3
Cxd
Z
CyEyx
M pp
࿑ 7 ᧁ᧚ߩ߼ࠅㄟߺ⸘▚ 9)
ᮡḰᱜⷙ⚥ⓍಽᏓ㧦ȩ(x) 
❫⛽ᣇะߦኻߔࠆ⋥੤ᣇะߩㄭૃ⟎឵୚₸㧦ᰤ n=7㧘᧖ n=5
ᧁ᧚㑆ߩߊ޿ㄟߺ៺ᡂଥᢙ㧦Ǵ=0.78ࠍណ↪ 2㧕 
࿶❗ജ㧦 T¿¾
½®¯­  A 2
1
0
2
Cxd
Z
CyEyx
N pp
ᒢᕈ㒢⇇ᄌᒻⷺ㧦
CxCyCxmCymEx
fZ
p
m
y
A
 0T
ో㕙ᮮ࿶❗ࡗࡦࠣଥᢙ㧦Eӆ=E1/50㧔ၮḰᒢᕈଥᢙ㧦E㧕 
߼ࠅㄟߺ㒠ફᔕജᐲ㧦fm=Fcv0.8㧔߼ࠅㄟߺၮḰ᧚ᢱᒝᐲ㧦Fcv㧕
N
x1
ǰM
xp x2
Z0
y2ypy1
M
ǰ
My
ǰy
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Dᩇߩォୟᓳరജ
 ᩇߩォୟᓳరജߪޔဈߩᑼ(2)ޔ࿑8ߦࠃߞߡ▚ቯߒߚ11)ޕ 
       ¿¾
½®¯­  

125
9963.199625.01 5675.70 b
ebHP b GG
G  (2) 
 
 
E᭴㕙⸃ᨆࡕ࠺࡞
 ฦ᭴㕙೎ߦޔᧁ᧚ߩ߼ࠅㄟߺ⸘▚ߦࠃࠆធวㇱ࿁ォࡃࡀߣޔᩇߩォୟᓳరജߦࠃࠆᩇ⣉࿁ォࡃࡀߢ᭴ᚑߒ
ߚ㛽⚵⸃ᨆࡕ࠺࡞ࠍ૞ᚑߒޔ⥢೑Ლߩ᳓ᐔ⠴ജࠍ᳞߼ߚޕ࿑9ߦฦ᭴㕙ߩ⸃ᨆࡕ࠺࡞᭎ⷐࠍ␜ߔޕ࿑9ߦߪޔ
߼ࠅㄟߺ⸘▚ߦࠃࠅ▚ቯߒߚ࿁ォ೰ᕈߩᢙ୯߽วࠊߖߡ␜ߒߚޕធวㇱ೰ᕈߢ⽶ᜂߐࠇࠆ᳓ᐔ⠴ജߪ㕒⊛Ⴧ
ಽ⸃ᨆߦࠃߞߡ▚ቯߒޔ೎ㅜ▚ቯߒߚᩇߩォୟᓳరജ․ᕈࠍ⿷ߒวࠊߖߡฦ᭴㕙ߩ᳓ᐔ⠴ജࠍ᳞߼ߚޕߎߩ
ߣ߈ធวㇱ࿁ォ೰ᕈߩ㒠ફᄌᒻⷺߪޔฦធวㇱߩ߼ࠅㄟߺ㒠ફᄌᒻⷺߩᦨዊ୯ࠍណ↪ߒߚޕ 

೰૕ᓳరജ㧦 V
h
bH  0  
h
V
P
Ǭ
ǰ
b
࿑ 8 ᩇߩォୟᓳరജ⸘▚ 11)
P
Ǭ
H0
ታ㛎ᑼ
࿑ 9 ᭴㕙⸃ᨆࡕ࠺࡞
X1 X2 X3 X4 X5 X6
Y1
Y2
Y3
Y4
Y5
Y6
Ay AyBy By
Ax
Ax
Bx
Bx
C
ᱜ㕙
a a
a a
b
b
b b
b b
b
b
c c
c c
c
c
c
c
d
d
d
d
e e
f f
g g
i i
j j
793
945
314.5
Ax㧦Y1࡮Y6
6090
60126
90145
80165
80165
115197
140220
90194
90194
90194
2316.5
556
728
3117
705
610
6090
(mm)
(mm)
(mm)
(19) (80) (0) (80) (0) (80) (0) (80) (0) (80)
(40) (133) (37) (133) (37) (133) (37) (133) (37) (84)
(15) (15) (15) (15)
(199) (87) (87) (87) (87) (101)
(199) (302) (302) (101)(302) (302)
(41) (175) (0) (175)(175) (0)
(58) (58)
(58)
(58)
(91) (348)
(kN*m/rad.)
(kN*m/rad.)
(kN*m/rad.)
(58)
(58)
X1 X2 X3 X4 X5 X6
X1 X2 X3 X4 X5 X6
X1 X2 X3 X4 X5 X6
C㧦Y4
Bx㧦Y2࡮Y5
Ay㧦X1࡮X6
60126
90145
60120
80165
80165
115197
793
945
314.5
2316.5
556
728
(mm)
(mm)
(19) (80) (0) (80) (0) (80) (0) (80) (0) (80)
(84) (37) (133) (37) (133) (37) (133) (37) (133) (40)
(14) (14)
(102) (87) (87) (87) (87) (199)
(102) (302) (302) (199)(302) (302)
(41) (175) (0) (175)(175) (0)
(kN*m/rad.)
(kN*m/rad.)
Y1 Y2 Y3 Y4 Y5 Y6
Y1 Y2 Y3 Y4 Y5 Y6
By㧦X2࡮X5
ធวㇱ࿁ォࡃࡀ
ᩇ⣉࿁ォࡃࡀ
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 ࿑ 10 ߦ⥢೑Ლߩᩇ⽾ធวㇱߣᩇߩ࿁ォߦࠃߞߡ↢ߓࠆ߼ࠅㄟߺㇱಽߩផቯ࿑ࠍ␜ߒߚޕㇱ᧚ኸᴺ⺞ᩏߢ
ߪᩇౝㇱߩធวㇱ⹦⚦߹ߢࠍᛠីߔࠆߎߣ߇ߢ߈ߥ߆ߞߚߚ߼ޔᄖⷰ߆ࠄߩផቯߣᢥ₂ 2)ࠍෳ⠨ߦޔ࿑ 10
ߦ␜ߔធวㇱᒻ⁁ߣ߼ࠅㄟߺ㕙ࠍ઒ቯߒߚޕᧄ⺰ᢥߢߪᬥㇱಽߩᧁ᧚❫⛽ᣇะห჻ߩ߼ࠅㄟߺߪ⹦⚦ߦᬌ⸛
ߒߡ߅ࠄߕޔන⚐ߦ᧚ෘ߇Ⴧߒߚ߽ߩߣߒߡ឵▚ߒߚޕ߹ߚޔᑼ(1)ߦ߅ߌࠆ៺ᡂߦࠃࠆ࿁ォࡕ࡯ࡔࡦ࠻ߪޔ
․ߦㇱ᧚ߩ᜔᧤߇චಽߦᦼᓙߢ߈ࠆ࿑ 10࡮εߩㅢߒ⽾ធวㇱߦߩߺㆡ↪ߒޔߘߩઁߩធวㇱߢߪㇱ᧚㑆៺
ᡂജߩ⸘▚ߪ⠨ᘦߒߥ޿߽ߩߣߒߚޕ 
 ⴫ 4ߦฦ᭴㕙ߩធวㇱ࿁ォ೰ᕈߩ▚ቯ⚿ᨐߣᣇะ೎ߦ⿷ߒวࠊߖߚ᭴㕙೰ᕈࠍ␜ߒߚޕ߹ߚޔ⴫ 5ߦฦᩇ
ߩኸᴺߣᩇゲജޔ೰૕ᓳరജߩ▚ቯ⚿ᨐࠍ␜ߒߚޕߥ߅ᩇゲജߪ⩄㊀⸘▚ߩ઒ቯ᧦ઙߦၮߠ޿ߡ▚ቯߒߚޕ



⸃ᨆ⚿ᨐ
 ฦᣇะ೎ߦ᳞߼ߚ⠴ജⷐ⚛೎ߩ⩄㊀ᄌᒻ㑐ଥߣޔ⥢೑Ლߩ⩄㊀ᄌᒻ㑐ଥࠍ࿑ 11 ߦ␜ߒߚޕ⸃ᨆ⚿ᨐ߆ࠄޔ
⥢೑Ლߩᦨᄢ⠴ജߪ X ᣇะߢ 38.3(kN)ޔY ᣇะߢ
35.6(kN)ߣ᳞߼ࠄࠇߚޕ߹ߚޔᩇඨಽࠃࠅ਄ߦ૏⟎
ߔࠆㇱ᧚⩄㊀߆ࠄޔ⥢೑Ლߩ࿾㔡ᤨ㊀㊂ࠍ 22.7(t)ߣ
▚ቯߒޔࡌ࡯ࠬࠪࠕଥᢙࠍ឵▚ߔࠆߣ X ᣇะߢ
CBx=0.17ޔYᣇะ CBy=0.16ߣߥࠆޕ⴫ 6ߦ Xᣇะ
ߩ⠴ജⷐ⚛೎ߩ⽶ᜂ᳓ᐔ⠴ജߣጀో૕ߦኻߔࠆᲧ₸
ࠍ␜ߒߚޕᄌᒻⷺ߇ᄢ߈ߊߥࠆߦᓥ޿ޔធวㇱ೰ᕈ
ߩ⽶ᜂ᳓ᐔ⠴ജ߇Ⴧടߒߡ޿ࠆߎߣ߇ಽ߆ࠆޕ
࿑ 10 ⥢೑Ლߩᩇ⽾ធวㇱߣ߼ࠅㄟߺ㕙ߩផቯ
ᩇᓘ 㜞䈘
b h V H0 H0×Nc
(mm) (mm) (t) (kN) (kN)
a 4 0.32 0.26 1.03
b 0.27 0.22 1.72
c 0.34 0.27 2.18
d 4 1.41 0.86 3.43
e 1.02 0.62 1.25
f 1.03 0.63 1.26
g 1.34 0.82 1.63
i 290 4542 1.06 0.66 1.33
j 500 3699 1.03 1.37 2.74
8
175 2125
೰૕ᓳరജ
Nc
⵷㓏
XY
ਥደ
2
230 3699
ᩇ
ᧄᢙ
ᩇኸᴺ
ᩇゲജ
⴫ 4 ฦ᭴㕙ߩធวㇱ࿁ォ೰ᕈ ⸘▚⚿ᨐ
⴫ 5 ฦ᭴㕙ߩᩇߩォୟᓳరജ ⸘▚⚿ᨐ
pKr pKr×Np KR 㱔䌹
(kN/rad.) (rad.)
⵷㓏 Ax 2 368 735
Bx 2 456 913
C 1 144 144
⵷㓏 Ay 2 366 732
ਥደ By 2 456 913
᭴㕙
೰ᕈ
㒠ફ
ᄌᒻⷺ
(kN/rad.)
Y 1645 0.018
X 1792 0.018
ਥደ
Np
᭴㕙
㕙ᢙ ធวㇱ೰ᕈ
ᩇ
߶ߙᝌߒ
ᬥ
ㅢߒ⽾ 㗡⽾ Ꮕㄟ
γ δ ε ζ η
ᬥ
ᩇ ᩇ ᩇ ᩇ
ᬥ
࿑ 11 ౞ⷡኹ⥢೑Ლ ⩄㊀ᄌᒻ㑐ଥ 
0
10
20
30
40
50
60
0 0.005 0.01 0.015 0.02 0.025 0.03
ᄌᒻⷺ (rad.)
⩄
㊀
 (k
N
)
ᑪ‛ో૕_X ᑪ‛ో૕_Y
ធวㇱ_X ធวㇱ_Y
ᩇ_XY
CBx=0.17 (38.3kN)
CBy=0.16 (35.6kN)
⴫ 6 ⠴ജⷐ⚛೎ ⽶ᜂ᳓ᐔ⠴ജߣᲧ₸
ធวㇱ 9 (0.41) 18 (0.59) 27 (0.73) 27 (0.75)
ᩇ 13 (0.59) 13 (0.41) 10 (0.27) 9 (0.25)
ጀ
1/50
0.020
R (rad.)
(kN)
1/200
0.005
1/100
0.010
22 363731
X
1/40
0.025
－179－
8 
㧔㧕ᓸዊᝄേ᷹ቯ⚿ᨐߣߩᲧセ
 ᭴ㅧ⸘▚⚿ᨐ߆ࠄ᳞߼ߚ⩄㊀ᄌᒻ㑐ଥߦၮߠ޿ߡޔᏱ
ᤨᓸേ᷹ቯᤨߩᔕ╵ᄌ૏ߦ⋧ᒰߔࠆ 1/36990rad.ᤨߩഀ✢
೰ᕈߣ߹ߚޔ1/200ޔ1/100rad.ᤨߩഀ✢೰ᕈ߆ࠄ᳞߼ߚ࿕
᦭ᝄേᢙࠍ⴫ 7 ߦ␜ߒߚޕ⴫ਛᢙ୯ਅߩ᜝ᒐߦ␜ߒߚ୯
ߪᏱᤨᓸേ᷹ቯ⚿ᨐߦኻߔࠆഀวߢ޽ࠆޕߎߩߣ߈ฦᄌ
ᒻⷺ೎ߩ࿕᦭ᝄേᢙ▚ቯߦߪޔ࿾㔡ᤨ⩄㊀ 22.7(t)ࠍ૶↪
ߒߚޕ⴫ 7 ߆ࠄޔᧄ⺰ߢ᳞߼ߚ࿕᦭ᝄേᢙߩ⸃ᨆ୯ߪᏱ
ᤨᓸേ᷹ቯ⚿ᨐߣ৻⥌ߒߥ߆ߞߚޕߎߩߎߣߪޔ᳓ᐔ⠴
ജⷐ⚛ߦ฽߼ߥ߆ߞߚޔ᭴ㅧⷐ⚛߇ᓸዊᝄ᏷▸࿐ߢߪೋ
ᦼ೰ᕈߦᓇ㗀ߒߡ޿ࠆߎߣࠍ␜ߒߡ޿ࠆޕ߹ߚ৻ᣇޔਥⷐߥ⠴ജⷐ⚛ߩᓇ㗀߇ᡰ㈩⊛ߣߥࠆ 1/200rad.ޔ
1/100rad.ߢᲧセߔࠆߣޔᓸേᤨߦᲧߴ 0.36୚㨪0.45୚⒟ᐲߩ࿕᦭ᝄേᢙߣߥࠆߎߣ߇ࠊ߆ߞߚޕ੹࿁ߩ▚ቯ
⚿ᨐߪޔ৻଀ߦߔ߉ߥ޿߇ޔ⑎ቬ᭽ߩ੽Ლߦ߅ߌࠆᓸዊᝄേ․ᕈߣ᭴ㅧᕈ⢻ߩ㑐ଥࠍ␜ߔޔ߭ߣߟߩᜰᮡߣ
ߒߡ⠨߃ࠆߎߣ߇ߢ߈ࠆޕ੹ᓟߐࠄߦታ᷹෸߮▚ቯ⚿ᨐߩ⫾ⓍࠍჇ߿ߒޔߘߩᅷᒰᕈࠍᬌ⸽ߔࠆᔅⷐ߇޽ࠆޕ

㧡㧚߹ߣ߼
 ࿖ቲ౞ⷡኹ⥢೑Ლߩᓸዊᝄേ᷹ቯߣㇱ᧚ኸᴺ⺞ᩏߩ⚿ᨐ߆ࠄޔ౞ⷡኹ⥢೑Ლߩၮ␆⊛ߥᝄേ․ᕈߩᛠីߣ
᭴ㅧ⸃ᨆࠍⴕߞߚޕએਅߦᧄ⺰ᢥߢᓧࠄࠇߚ⍮⷗ߣ੹ᓟߩ⺖㗴ࠍ␜ߔޕ 
Ԙ ౞ⷡኹ⥢೑Ლߩᑪ‛㊀㊂ߪ24.4(t)㧔࿾㔡ᤨ㊀㊂22.7(t)㧕ߢ޽ࠅޔᣢᓔ⎇ⓥߩ௑ะߣ᭎ߨ৻⥌ߒߚޕ 
ԙ ౞ⷡኹ⥢೑Ლߩၮ␆ᝄേ․ᕈߣߒߡޔᩴⴕਗㅴ2.52Hzޔ᪞㑆ਗㅴ2.61Hzޔᝦࠇ3.10Hzࠍ․ቯߒߚޕ 
Ԛ ᭴ㅧ⸃ᨆߩ⚿ᨐ߆ࠄޔ౞ⷡኹ⥢೑Ლߩ଻᦭⠴ജࠍCB=0.16㨪0.17㧔35.6㨪38.3kN㧕ߣផቯߒߚޕ 
 ੹ᓟޔᓸዊᝄേ᷹ቯ⚿ᨐߣߩᲧセࠍㆡಾߦⴕ߁ߚ߼ޔᓸേᤨߦᓇ㗀ߔࠆ᭴ㅧⷐ⚛ߩ․ቯߣ⹏ଔ߇ᔅⷐߢ޽
ࠆޕ߹ߚޔᝦࠇᝄേ߿㜞ᰴߩථ⿧ࠍ⺑᣿ߔࠆ┙૕᨞᭴⸃ᨆࡕ࠺࡞᭴▽ࠍㅴ߼ࠆᔅⷐ߇޽ࠆޕ
 
⻢ㄉ㧦ᧄႎߩᏱᤨᓸേ᷹ቯ෸߮᭴ㅧ⺞ᩏߪޔ౞ⷡኹ૑⡯㐳᭽ޔᢧ⮮๺ዏ᭽ߩߏදജࠍ㗂߈߹ߒߚޕ߹ߚޔ᧲
ᵗᄢቇߩ᧻↰᣽ᵗ᳁ޔᓼፉᄢቇߩ૒⮮ᒄ⟤᳁ޔ᧲੩ᄢቇߩᷰㇱ᣽ᒄ᳁ޔਛፉ⵨⾆᳁ޔ᧲੩ℂ⑼ᄢቇᩙ↰⎇ⓥ
ቶߩቇ↢⻉᳁ߩߏදജࠍ㗂߈߹ߒߚޕߎߎߦ⸥ߒߡ⻢ᗧࠍ⴫ߒ߹ߔޕߥ߅ᧄ⎇ⓥߪᐔᚑ 21 ᐕᐲ⑼ቇ⎇ⓥ⾌
⵬ഥ㊄ߦࠃࠆ⧯ᚻ⎇ⓥ㧔㩇㩊㨺㩎㨻㨹㩖㩩㧕ޟᓸዊᝄേ᷹ቯߦၮߠߊવ⛔⊛ᧁㅧᑪ▽ߩ᭴ㅧᕈ⢻⹏ଔᚻᴺߦ㑐ߔࠆ⎇
ⓥޠߩ৻Ⅳߣߒߡⴕ޿߹ߒߚޕ 
 
ෳ⠨ᢥ₂
1) ජ⪲৻᮸߶߆㧦㎨ୖ࿾ၞߦ߅ߌࠆવ⛔⊛ᧁㅧᑪ▽‛ߩ᭴ㅧᕈ⢻⹏ଔ ߘߩ 1 ౞ⷡኹ⥢೑ᲚߩᏱᤨᓸേ᷹ቯߣ㊀㊂▚
ቯޔᣣᧄᑪ▽ቇળᄢળቇⴚ⻠Ṷ᪪᭎㓸ޔ2009.9 
2) ⣶ේᐙ㓶㧦㑐᧲࿾㔡ߦࠃࠆ㎨ୖᏒౝߩ␠ኹ╬ߩⵍኂߦ㑐ߔࠆ⎇ⓥޔ᧲੩ᄢቇୃ჻⺰ᢥޔ1994.2 
3) ⣶ේᐙ㓶߶߆㧦1923 ᐕ㑐᧲࿾㔡ߦࠃࠆ㎨ୖߩ␠ኹߩⵍኂޔᣣᧄᑪ▽ቇળ᭴ㅧ♽⺰ᢥ㓸 ╙ 573 ภޔpp.129-135ޔ
2003.11 
4) 㜞ፉ⧷ᐘ߶߆㧦౞ⷡኹ⥢೑Ლࠍኻ⽎ߣߒߚᱧผ⊛ᧁ᭴ㅧ‛ߩ┙૕ࡈ࡟࡯ࡓ᭴ㅧ⸃ᨆ ߘߩ1㨪4ޔᣣᧄᑪ▽ቇળᄢળቇ
ⴚ⻠Ṷ᪪᭎㓸ޔ᭴ㅧΣ B-1ޔpp.323-326ޔ2008.9ޔpp.869-872ޔ2009.8 
5) ࿖ቲ౞ⷡኹ⥢೑Ლୃℂ⺞ᩏ․೎ႎ๔ᦠޔ✬㓸㧦␹ᄹᎹ⋵ᢎ⢒ᆔຬળޔ1970.10 
6) ㊀ⷐᢥൻ⽷㧔ᑪㅧ‛㧕ၮ␆⸻ᢿታᣉⷐ㗔ޔᢥൻᐡޔᐔᚑ 13ᐕ 
7) ᄢ㊁ᢅ߶߆㧦ᢥൻ⽷ᑪㅧ‛ߩ㊀㊂ߦߟ޿ߡ㧙㊀ⷐᢥൻ⽷੽ၴߩ㊀㊂ㅦ▚ᴺߩౣᬌ⸛㧙 ޔᣣᧄᑪ▽ቇળᄢળቇⴚ⻠Ṷ
᪪᭎㓸ޔF-2ޔpp.305-306ޔ2001.9 
8) ๺ᴰᱜື߶߆㧦Ᏹᤨᓸേߩᄙὐหᤨ⸥㍳ߦၮߠߊ᭴ㅧ‛ߩᝄേᕈ⁁ߩ⹏ଔᚻᴺߦߟ޿ߡޔᣣᧄᑪ▽ቇળᄢળቇⴚ⻠
Ṷ᪪᭎㓸ޔBޔ᭴ㅧΣޔpp.875-876ޔ1986.7 
9) Ⓑጊᱜᒄ㧦ᧁ᧚ߩ߼ࠅߎߺℂ⺰ߣߘߩᔕ↪́㕢ᕈߦᦼᓙߒߚᧁ⾰࡜࡯ࡔࡦធวㇱߩ⠴㔡⸳⸘ᴺߦ㑐ߔࠆ⎇ⓥ́ޔ᧲
੩ᄢቇቇ૏⺰ᢥޔ1991.12 
10) ᧁ⾰᭴ㅧߩ⸳⸘ ቇ߮߿ߔ޿᭴ㅧ⸳⸘ࠪ࡝࡯࠭ޔᣣᧄᑪ▽ቇળ㑐᧲ᡰㇱޔ2008.1 
11) ဈ㕒㓶㧦␠ኹ㛽⚵ߩജቑ⊛⎇ⓥ㧔╙㧝ㇱ ᩇߩ቟ቯᓳరജ㧕ޔᑪ▽ቑᦩ⺰ᢥ㓸(21)ޔpp.252-258ޔ1941 
⴫ 7 ታ᷹୯ߣ⸃ᨆ୯ߦ߅ߌࠆ࿕᦭ᝄേᢙߩᲧセ
㧔̪Ᏹᤨᓸേᤨᔕ╵ᄌ૏ 0.01mm 㧔ᄌᒻⷺ 1/36990rad.㧕㧕
X Y
2.52 2.61
1.80 1.79
(0.71) (0.68)
1.15 1.13
(0.45) (0.43)
0.96 0.94
(0.38) (0.36)
࿕᦭ᝄേᢙ (Hz)
1/36990
1/200
Ᏹᤨᓸേ᷹ቯ⚿ᨐ
᭴ㅧ
⸃ᨆ⚿ᨐ
1/100
－180－
